1. INTRODUCTION {#sec1-1}
===============

Epilepsy is the most common neurological disease in childhood and adolescence. It is defined by any of the folowing conditions: At least two unprovoked (or reflex) seizures occuring \>24 h apart, one unprovoked (or reflex) seizure and a probability of further seizure similar to the general recurrence risk (at least 60%) after two unprovoked seizures, occuring over the next ten years and diagnosis of an epilepsy syndrome ([@ref1])

The first generation AEDs, valproate (VPA) and carbamazepine (CBZ) have been widely used in childhood population.

CBZ stabilizes voltage-gated sodium channels (VGSCs), by inhibition of of sodium channel activity ([@ref2]-[@ref4]).

Valproic acid (2-propylpentanoic acid) affects the GABAergic system, inhibits α-ketoglutarate dehydrogenase (αKGD), GABA transaminase (GABA-T) and succinate semialdehyde dehydrogenase (SSD). It also enhances glutamate decarboxylase (GAD) to elevate GABA levels in plasma and in several brain regions.

CBZ and VPA have been widely used AED for focal and generalized seizures ([@ref5]).

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are intracellular enzymes which can be found in cytosol and mitochondria. They are normally found in the plasma at low levels.

ALT is intracellular enzyme found predominantly in the liver, while AST is found in the liver, heart, skeletal muscle, kidneys, brain and erythrocytes. In asymptomatic patients, the most frequent causes of elevated transaminases were drug induced liver injuries. The elevation can be secondary to enzyme induction, without hepatic pathology ([@ref6], [@ref7]).

Gamma glutamyl transferase (GGT) is an enzyme located on the external surface of celluar membranes of many tissues mainly in the liver, kidney, and pancreas. GGT is present in all cells with the exception of erythrocytes.

GGT is a cell-surface protein contributing to the extracellular catabolism of glutathione (GSH). GGT contributes in maintaining the physiological concentrations of cytoplasmatic glutathion and cellual defense against oxidative stress. Increased GGT activity is a marker of antioxidant inadequacy and increased oxidative stres ([@ref8]).

Circulating GGT is supposed to originate mostly from the liver and is influenced by genetic and environmental factors.

Gamma-glutamyltransferase activity is inducible by drugs. GGT levels may be increased due to medications, such as carbamazepine, cimetidine, furosemide, heparin, isotretinoin, methotrexate, oral contraceptives, phenobarbital, phenytoin, and valproic acid ([@ref9]).

Increases in GGT activity can be a response to oxidative stress, facilitating increased transport of glutathione (GSH) precursors into cells. In addition, GGT is leaked into the serum possibly as a result of normal cell turnover and cellular stresses.

Serum GGT traditionally has been used as a marker of alcohol-induced liver disease. Recently, GGT has been regarded as a clinical marker for free-radical formation and proinflammation. GGT-related pathomechanism is that GGT enhances the availability of cysteine to promote intracellular glutathione, the principle thiol antioxidant in humans, and resynthesis, thereby counteracting oxidant stress ([@ref10]).

2. AIM {#sec1-2}
======

The aim of the study has been to evaluate and compare the effect of CBZ and VPA monotherapy on enzymes AST, ALT and GGT serum levels, after one year of treatment.

3. MATERIAL AND METHODS {#sec1-3}
=======================

This was a hospital-based, analytical cross-sectional study carried out by the inpatient and outpatient ward of Pediatric hospital, Clinical Center of Sarajevo University.

The study has included patients with epilepsy, both genders, age 1-18 years, treated with CBZ or VPA regularily, as initial antiepileptic monotherapy, for 12 months at least. All patients treated with valproate or carbamazepine had drug concentrations within the therapeutical level. Patients receiving more than one AED, patients on irregular antiepileptic medication and patients who were treated with other drugs were excluded from the study.

The patients with liver lesions and other chronic diseases were also excluded from the study. The level of AST, ALT and GGT enzymes have been checked before the initiation of therapy and only patients with reference values have been included. The level of enzymes has been checked up regularely, and compared after 12 months of treatment. The enzyme analyzes have been done with Dimension Xpant Simens machine.

The blood samples were drawn from peripheral veins after minimal fasting period of 6 hours for children till the age of 3 years and midnight fast for older children.

The referance values for enzymes were: AST 7-38 IU/L, ALT 8-41 IU/L, GGT 8-40 IU/L.

4. RESULTS {#sec1-4}
==========

The distribution of the patients according to the age was: 1-4 years 7/100 (7%), 5-9 years 25/100 (25%), 10-14 years 42/100 (42%), 15-18 years 26/100 (26%).

The distribution of the patients according to the gender was: 57/100 (57%) boys and 43/100 (43%) girls; x2 test =0,204; p=0,651; p\>0,05

According to the AED used for treatment, the patients have been divided into two groups: patients treated with carbamzepine, CBZ group (53/100, 53%) and patients treated with valproate, VPA group (47/100, 47%); x2 test =0,048; p=0,826; p\>0,05 ([Table 1](#T1){ref-type="table"}).
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The serum levels of AST have been within reference values at 49/53 (92, 5%) patients in CBZ group and 38/47 (80.9%) patients in VPA group.

The serum levels of AST have been elevated at 4/53 (7.5%) CBZ patients and 9/47 (19.1%) patients in VPA group; x2 test =3.965; p=0,045; p\<0,05 ([Figure 1](#F1){ref-type="fig"}).
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The serum levels of ALT have been within reference values at 48/53(90.6%) patients in CBZ group and 38/47 (80.9%) patients in VPA group.

The serum levels of ALT have been elevated at 5/53 (9.4%) CBZ patients and 9/47 (19.1%) VPA patients; x2 test =6.953; p=0,0162; p\<0,05. ([Figure 2](#F2){ref-type="fig"}).
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The serum levels of GGT have been within reference values at 35/53(66%) patients in CBZ group and 40/47 (85.1%) patients in VPA group.

The serum levels of GGT have been elevated at 18/53 (34%) CBZ patients and 7/47 (14.9%) VPA patients; x2 test =4.831; p=0,027; p\<0,05 ([Figure 3](#F3){ref-type="fig"}).
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5. DISCUSSION {#sec1-5}
=============

The study has included 100 patients with epilepsy. The complete diagnostic work up have been done before the medical treatment with carbamazepine or valproate has started.

The distribution of patients according to the age was as follows: the age group 10-14 years was the largest (42%) and the age group 1-4 years (7%) was the smallest.

According to the gender distribution, there is no stastistically significant difference between boys and girls (x2 test =0,204; p=0,651; p\>0,05). The distribution of patients according to the AED used for treatment has no stastistically significant difference between CBZ and VPA group (x2 test =0,048; p=0,826; p\>0,05).

Carbamazepine (CBZ) is extensively bio-transformed in the liver via the action of enzymes of cytochrome P 450 system (CYP 450). CBZ 10.11-epoxide (CBZ-E), which possesses anti-convulsant properties is generated through the action of CYP3A4, CYP3A5 and CYP2C8 ([@ref11]).

CYP P450 is a family of 40-50 isoenzymes responsible for the biotransformation of several drugs. These isoenzymes are membrane proteins, which are located in the smooth endoplasmatic reticulum of several tissues. CYP3A4 and CYP3A5 represent 65% of isoforms in the cytochrome P450 enzyme system and they interact with more than 60% of licensed drugs ([@ref12]). CYP3A4 has the greatest abundance in the liver and intestine and is responsible for the metabolism of the largest number of clinically used drugs, as well as range of endognous substrates such as prostaglandines, steroid hormones and fatty acids ([@ref9]).

Each isoenzyme is derived from the expression of an individual gene. CYP3A4 and CYP3A5 exhibit the most individual variations of gene expression, mostly due to single nucleotide polaymorphism. Individual variations in single nucleotide polymorphism within the regulatory genes of CYP3A4 and CYP3A5 might affect the level of enzyme production ([@ref12]-[@ref14]).

Cytochrome P450 (CYP450) isoenzymes are induced by AEDs, especially the classical AEDs, such as benzodiazepines (BZDs), carbamazepine (CBZ), phenytoin (PT), phenobarbital (PB) and valproic acid.

Carbamazepine is potent inducer of CYP 450 enzymes. Enzyme induction is mediated through the binding of one or more chemical activators to CYP isoenzyme intracellular receptors, ultimately producing increased transcription of CYP genes ([@ref9]). In that way, CBZ induces its own metabolism (autoinduction) that starts within 24 h of the initiation of therapy. A transient and asymptomatic elevation of liver enzymes occurs in 25-61% of patients receiving CBZ.

Long- term use of CBZ may induce CYP 450 enzyme system to accelerate metabolism of vitamin D to inactive metabolites, with consequent reduction of active form of vitamin D ([@ref9], [@ref11]).

Carbamazepine is known to accelerate the metabolism of thyroid hormones too, by inducing of the hepatic P450 enzyme system which causes increased metabolism of thyroid hormones, thus accelerating clearance of thyroid hormone, with result of subclinical hypothyroidism ([@ref15]).

Erythromycin, clarithromycin, and triacetyloleandomycin are potent CYP3A4 inhibitors and should be avoided in CBZ-treated patients. Azithromycin does not interact with CYP3A4 and, therefore, does not affect CBZ concentrations.

CBZ is potent inducer of AST, ALT and GGT, as well. The elevation of serum levels of AST, ALT and GGT, without any signs and symptoms of liver injury can be explained as a result of enzyme induction, without hepatic patology ([@ref7]). Valproate (VPA) has very complicated biotransformation. Hepatic biotransformation is the main route of elimination and involves glucuronization, b-oxidation and CYP 450 mediated oxidation 30%--50% of VPA may be metabolized via glucuronization, 30% of VPA metabolism occurs via β-oxidation in the mitochondria and 10% of VPA is biotransformed through CYP450-mediated oxidation ([@ref11]).

Moreover, VPA can inhibit histone deacetylase (HDAC), which is crucial factor in the pathogenesis of cancer and transcriptional regulation. VPA, as well as other HDAC inhibitors is able to alter expression of many genes involved in the modulation of cell growth, differentiation, and apoptosis ([@ref11], [@ref16]).

During the study period of 12 months, the serum levels of AST, ALT and GGT have been checked up regularily. The enzyme levels after 12 months of treatment have been analyzed. AST was elevated at 19.1% VPA treated patients and 7.5% CBZ treated patients, (x2 test =3.965; p=0,045; p\<0,05), with statistically sinificant AST elevation in VPA group.

After 12 months of treatment, ALT was elevated at 19.1% VPA treated patients and 9.4% CBZ treated patients (x2 test =6.953; p=0,0162; p\<0,05). There is statistically significant ALT elevation in the VPA group ([Figure 2](#F2){ref-type="fig"}).Those results are similar to those published by Hussein R. et al ([@ref7]).

The serum level of GGT was elevated at 7/47 (14.9%) VPA treated patients and 18/53 (34%) CBZ treated patients. (x2 test =4.831; p=0,027; p\<0,05). There is statistically significant GGT elevation in the CBZ group.

Serum levels of GGT are determined by several factors: alcohol intake, body fat content, plasma lipid/lipoproteins, glucose levels, and various medications.

GGT also has an intracellular antioxidant effect because it is involved in gluthathione metabolism, resulting in the formation of cystein, a thiol compound that exerts antioxidant effects. GGT is cleared from the plasma by liver uptake.

GGT has a half-life of 10 days; however, in recovery from alcohol abuse, the half-life may be as long as 28 days.

It is well-known that administration of carbamazepine and valproate may cause the elevation of serum levels of AST, ALT and GGT in adults, but there are limited data about their influence in children.

Carbamazepine and valproate have different metabolisam. The CBZ has been biotransformated via CYP 450 system only, while valproate has been metabolized via glucuronization and β oxidation mostly and only 10% of valproate has been metabolized via CYP 450 system. On the cell level, carbamzepine has been metabolized through smooth endoplasmatic reticulum, while valproate has been metabolized through endoplasmatic reticulum and motochondria. It is quite possible that complexity of valproate metabolisam may cause ASTand ALT elevation more often, than metabolisam of carbamazepine.

The explanation for GGT elevation may be found in the fact that carbamazepine is potent enzyme inducer and thus may explain increase in synthesis of GGT. Carbamazepine influence on CYP 450 system has been studied a lot, with special interest on genetic polimorphism of CYP 3A4 and CYP 3A5 genes.

In our study the elevation of AST, ALT and GGT was mild and asymptomatic in all patients, without any other signs of liver injury and drug induced hepatotoxicity. That means, that elevation of these enzymes is benign in the most cases, without any liver pathology. Serdaroglu and co-workers have foud in their study that the most often causes of elevated transaminases in children were infections (34%) and drug-induced liver injury (18.1%), which was associated with slightly elevated transaminases. They also found that elevated transaminases can be detected in completely healthy children ([@ref6]).

6. CONCLUSION {#sec1-6}
=============

Valproate may cause the asimptomatic elevation of AST and ALT more friquently than carbamazepine, while carbamazepine may cause the elevation og GGT more frequently than valproate. These elevations are usually benign, without associated liver abnormalities. The most CBZ treated patients develop mild-to-moderate elevations in gamma glutamyltranspeptidase (GGT) levels, probably due to enzyme induction. There were no marked aminotransferase elevations. In our study, there were no cases of hepatotoxicity caused by carbamazepine and valproate.
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